The Earth is continually exposed to the cosmic radiation of both solar and galactic origin. Solar eruption and solar activity may affect cosmic radiation flux density which has a secondary effect on the flux of particles in the atmosphere as well. Such one event was recorded in the last week of October 2003, where the measured dose rate of the cosmic radiation in the aircraft ATR 42 was 1.8 times higher than the average value of the other measurements. Later we found the data on an unusual solar activity in the mentioned time interval. Analysis of the increasing solar proton flux during the solar flare, as well as the decreasing neutron flux in the atmosphere (representing the galactic radiation), on May 14 and 15, 2005, showed a nonlinear correlation with the exponential equation of regression; this one described galactic ray modulation by solar flux during the short term variation of cosmic radiation.
Introduction
Cosmic radiation has a normally dominant galactic component as well as a component of solar origin 1,2. Galactic radiation is modified during its passage through space by interactions with interstellar matter, and in the environment of the solar system. It consists of nuclei (88% protons, 11% alpha particles, and about 1% heavier nuclei), 98% of total, and 2% of electrons. The energy of nuclei ranges up to over 10 14 MeV 3. Transient, unusual high levels of cosmic radiation can result from solar particles, produced by sudden, sporadic releases of energy in the solar atmosphere (solar flares), and by coronal mass ejections. Only a small fraction of solar radiation produces large numbers of high-energy protons which cause observable increased intensity in cosmic radiation fields at aviation altitudes. Maximum solar flare duration may last from hours to several days.
The Sun has a varying magnetic field with a basic dipole component that reverses direction approximately every 11 years. At solar maximum there are many sunspots as well as plasma of protons and electrons, which ejected from the Sun (the solar wind) carry relatively strong magnetic field.
When the magnetic field is stronger, the paths of the ions are bent more, and fewer galactic cosmic rays reach the Earth, thus solar maximum causes a radiation minimum, and, conversely, solar minimum is the time of radiation maximum. The size of this effect depends on other two main variables affecting cosmic radiation in the atmosphere: namely altitude and geomagnetic latitude 4,5.
When the primary particles from space, mainly protons, enter the atmosphere, they interact with air nuclei and induce cosmic-ray showers 6-11. Lower-energy particles are deflected back into space by the Earth's magnetic field; this effect is more important in the equator region than near the poles.
Neutrons are produced via multi-step reactions; they lose energy mainly by elastic collisions and, when thermalized, they are absorbed by 14 N to form 14 C. From a few hundred meters above the Earth to near the top of the atmosphere, there is an approximate equilibrium established between neutron production and absorption.
The dose rate resulting from the combination of attenuation and particle production increases with depth in the atmosphere reaching a maximum at ~20 km, then decreases down to the Earth's surface. The contribution to dose from each particle type depends on altitude, as well as on the phase of the solar cycle. At sea level, the doses of cosmic radiation are ~70 times less than those experienced at ~20 km [12, 13] .
At aircraft altitude, or flight level around 10 km, one can receive a dose rate of about 5 μSv/h, where the neutrons contribution is around 40%, photon and electron 30%, protons 25% and muons 5%. At sea level, the dominant component of dose equivalent is the muon component 3,12-15. Specially we considered a short term variation of cosmic radiation (or so-called the cosmic ray Forbush decrease), a phenomenon when the solar flares (with increased flux of charged particles toward the Earth and belonging solar magnetic winds) deflect protons of the galactic radiation, and therefore decrease, for instance, neutron flux as secondary particles of the galactic component in the atmosphere 16-18.
As an example of the short term variation of the cosmic ray, we considered increasing solar proton flux, registered by the GOES satellites, as well as changing neutron flux in the atmosphere, measured by the Oulu Neutron Monitor, during May 13, 14 and 15, 2005 19.
Methods and Results
The dose rate of the cosmic radiation was measured by the Mini 6100 semiconductor dosimeter in the aircraft ATR 42. During the last week of October 2003, the dose rate was 1.8 times higher than the average of the other measurements; later we found data on an unusual solar activity in the mentioned time interval, whereby the short term variation of cosmic radiation, or solar maximum, was interpreted as a Sun flare or coronal mass ejection 20-25.
We take the cosmic ray Forbush decrease into account, a phenomenon during which the solar flares, with increased flux of charged particles toward the Earth, and belonging magnetic winds, deflect protons of the galactic radiation. It therefore decreases, for instance, neutron flux, as secondary particles, produced by the galactic protons in the atmosphere. The solar flares are random, typically one per month, and last for several hours or days 13.
As an example of the short term variation of the cosmic ray, we considered increasing solar proton flux, registered by the GOES satellites (NASA Center), as well as changing neutron flux in the atmosphere, measured by the Oulu Neutron Monitor during May 13, 14 and 15, 2005 19. Data of the p were taken from eight equidistant time intervals (approximately every fifth hour) during increasing period, as well as the data of the n (every hour) during decreasing period, as presented in Table 1 (with the ordinary number of interval No). Using the data from Table 1 , the following regression curve was obtained:
presented in Figure 2 ; in the above relationship, P = logp and M = log(−n), with the fitted parameters k 1 = 0.313 and k 2 = 0.419. The determination coefficient of the exponential correlation was significant (at the significance level of 0.05) with its value of 0.954. So, for a typical short term variation of the cosmic ray, we were able to estimate a neutron flux change (n/%) in the atmosphere as a result of the solar flare, or modulation of the changing solar proton flux (p). Namely, from the above relationship (1), we got: 
We applied the regression Equation (2) to estimate the galactic ray modulation (neutron flux) in short term variation of cosmic radiation (or for the Forbush's decrease). During the last week of October 2003 (when the case of increasing solar radiation described by the above mentioned experiment with the aircraft ATR 42 happened) we used the data of the solar maximum; the proton flux maximum, registered at 28th October 2003, at location S16 E08, as solar proton events affecting the Earth environment, for proton energies > 10 MeV, by GOES spacecraft (NASA Center), was p 03,1 = 29,500 pfu 24. By adopting the proton detector sensitivity of the 28th October 2003 (GOES1) to the one of the 15th May 2005 (GOES2), the p 03,1 value became (for the adopted sensitivity) as p 03,a = 3758 pfu (by comparing proton maximums: p 03,1 (=9500; in 2003; GOES1), p 05,2s (=800; in 2005; GOES2; from the smoothed curve, Figure 1(a) ), p 05,1 (=3140; in 2005; GOES1) and p 05,2 (=1600; in 2005; GOES2; peak from the experimental curve which was obtained from the smoothed curve Figure 1(a) The value p 03,a , introduced into Equation (2), gave: n 03 = −25.1 (minus, as decreasing neutron flux, in percentage, %) ; so the n 03 was obtained as the estimated neutron flux in the atmosphere at the ground level for the measured proton flux of the solar maximum at the end of October 2003. By the same event, the measured neutron minimum was n m = −19 (or n m = n 1 25); so we could consider the estimation error as (n m -n 03 ) = 6.1, or the relative error as (n m -n 03 )/n 03 = 24.3%. where the n is to be taken from the Equation (2) . Of course, a source of error by applying the Equation (2) or (1) may lie in uncertainty by choosing data, or points from the empirical curves in Figures 1(a) and 1(b) , for preparing Table 1 ; the modulation of the galactic ray (here the neutron flux) by the solar protons can last more hours or a few days, and different durations of solar flares can influence the determination of values of the fitted parameters k 1 and k 2 .
Neutron fluxe (%) versus time (years) is given in Figure 3 , for a longer period; so one can see the neutron flux variation, presented in Figure 1(b) , as a detail from the period of 2003 to 2012 year of the neutron variation in the Earth atmosphere.
Conclusions
During the last week of October 2003, the dose rate of the cosmic radiation, measured by the Mini 6100 semiconductor dosimeter in the aircraft ATR 42, was 1.8 times higher than the average of the other measurements; later we found data on an unusual solar activity in the mentioned time interval, and the short term variation of cosmic radiation, or solar maximum, was interpreted as a Sun flare or coronal mass ejection.
Galactic ray modulation by the solar flux was investigated in short term variation of the cosmic radiation. The analysis of the increasing solar proton flux (p) during the solar flare, as well as the decreasing neutron flux (n) in the atmosphere, at May 14 and 15, 2005 showed a (1) . So, using the explicit equation on the n, (2), it was possible to estimate a neutron flux change in the atmosphere as a result of the registered solar flare in the form of an increasing solar proton flux that happened in the last week of October, 2003. The discrepancy between the estimated neutron flux in the atmosphere and the measured one was 24.3%.
